Electric conductivity and dielectric permeability of the non-degenerate electronic gas for the collisional plasmas under arbitrary degree of degeneration of electron gas is found. The kinetic equation of Wigner -Vlasov -Boltzmann with collision integral in relaxation form BGK (Bhatnagar, Gross and Krook) in coordinate space is used. Dielectric permeability with using of the relaxation equation in the momentum space has been received by Mermin. Comparison with Mermin's formula has been realized. It is shown, that in the limit when Planck's constant tends to zero expression for dielectric permeability passes in the classical.
(Bhatnagar, Gross, Krook) [10] was marked. The present work is devoted to performance of this problem.
In the present work for a derivation of dielectric permeability the quantum kinetic Wigner -Vlasov -Boltzmann equation (WVB-equation) with collision integral in the form of τ -models is applied. Such collision integral is named BGK-collision integral.
The WVB-equation is written for Wigner function, which is analogue of a distribution function of electrons for quantum plasma (see [11] , [12] and [31] ).
The most widespread method of investigation of quantum plasmas is the method of Hartree -Fock or a method equivalent to it, namely, the method of Random Phase Approximation [17] , [18] . In work [22] this method has been applied to receive expression for dielectric permeability of quantum plasma in τ -approach. However, in work [24] it is shown, that expression received in [22] is noncorrect, as does not turn into classical expression under a condition, when quantum amendments can be neglected. Thus in work [24] empirically corrected expression for dielectric permeability of quantum plasma, free from the specified lack has been offered. By means of this expression the authors investigated quantum amendments to optical properties of metal [25] , [26] .
Dielectric permeability of quantum plasma is widely used also for studying the screening of the electric field and Friedel oscillations (see, for example, [19] - [21] ). In the work [27] screening of the Coulomb fields in magnetised electronic gas has been is studied.
In the theory of quantum plasma there exist two essentially different possibilities of construction of the relaxation kinetic equation in τ -approximation: in the space of momentum (in the space of Fourier images of the distribution function) and in the space of coordinates. On the basis of the relaxation kinetic equations in the space of momentum Mermin [23] has carried out consistent derivation of the dielectric permeability for quantum collisional plasma in 1970 for the first time.
In the present work expression for the longitudinal dielectric permeability with use of the relaxation equations in space of coordinates is deduced. If in the obtained expression we make Planck constant converges to zero ( → 0 ), we will receive exactly classical expression of dielectric permeability of non-degenerate plasma. Various limiting cases of the dielectric permeability are investigated. Comparison with Mermin's result is carried out also.
II. SOLUTION OF THE KINETIC EQUATION
We consider the kinetic Wigner -Vlasov -Boltzmann equation [28] with collisional integral in the form BGK-model
This equation describes evolution of the Wigner function for electrons in quantum plasma.
Here e is the charge of electron, ν is the effective collision frequency of electrons with ions and neutral atoms, f (r, p, t) is the Wigner function for electrons. The function
is the equilibrium distribution Fermi -Dirac function for electrons, W [f ] is the Wigner -Vlasov functional for the scalar potential U = U(r, t) example, in works [9] and [31] .
We introduce the Fourier transformation of the Wigner function
The Wigner -Vlasov functional with the Fourier transformation equals to
Let's consider, that electron distribution function depends on one spatial coordinate x , time t and momentum p , and the electric scalar potential depends on one spatial coordinate x and time t . We take the scalar potential in the form
We will calculate the Wigner -Vlasov functional (2.2). It is easy to see, that
Let's calculate internal integral in (2.2). We receive, that
By means of last equality the Wigner -Vlasov functional (2.2) it is possible to present in the form
Now it becomes clear, that
where
The Fermi -Dirac locally equilibrium distribution f eq we will be linearize about absolute distribution of Fermi -Dirac
We will enter dimensionless electron velocity and chemical potential
Expressions for f eq and f 0 thus become simpler
Linearization of f eq leads us to expression
Now we search the Wigner function in the form
From the law of number of particles conservation
we seek that
We will replace the Wigner function f in Wigner -Vlasov functional in linear approximation on Fermi -Dirac absolute distribution f 0 (c) . We will substitute in the equation
. As a result we receive the equation
From this equation we find
k 0 ≡ mv 0 / is the thermal wave number.
For finding the constant A we will substitute (2.7) in (2.8). As result it is received, that
Let's calculate two internal integrals
We notice that
We find now, that
Hence, the quantity A is equal
III. CONDUCTIVITY AND PERMEABILITY
Let's consider a relationship between electric field and potential
and a continuity equation for current and charge densities
Here according to definition of electric conductivity we may represent the current density in the form
Hence,
Taking into account obvious equality for charge density
we obtain
From the continuity equation and the expressions for derivative of current and charge density, we find
whence we receive expression for longitudinal dielectric conductivity
or, with using (2.9), we receive
The number of particles is equal in the equilibrium condition to
Using the equality (3.2), we may transform the expression for longitudinal conductivity (3.1)
Let's overwrite the formula (3.3) in the obvious form
(3.4)
After some manipulations the last expression may be transformed to
(3.5)
Let's enter the plasma (Langmuir) frequency
Using the formula for standard conductivity σ 0 = e 2 N (0) /mν = ω 2 p /4πν , we present the dielectric permeability in the form: ε l = 4πiσ l /ω . If we take conductivity according to (3.4) we will receive
If to take conductivity under the formula (3.5), for permeability we receive the following expression
Let's enter dimensionless parametres
Here k 01 = k 0 l is the themal dimensionless wave number. By means of these parametres we have
Besides, we receive
Let's overwrite last four formulas in dimensionless parametres. We receive for electric conductivity accordingly two formulas
(3.9)
Similarly for dielectric permeability we have
In formulas (3.10) and (3.11) x p is the dimensionless plasma frequency,
IV. SPECIAL CASES OF CONDUCTIVITY AND PERMEABILITY
Let's consider the limit of conductivity and permeability at ν → 0 , i.e. when collisional plasma passes in non-collisional. For this purpose we take the formula (3.4) and let's transform it in appropriate manner
Passing in the formula (4.1) to a limit at ν → 0 , we receive the expression for conductivity in non-collisional plasma:
Arguing in the same way, from the formula (3.5) in the limit at ν → 0 we receive the expression for conductivity in non-collisional plasma
The formula (4.3) may be obtained by the another way. For this purpose the logarithm in (4.2) we will write down in the form of difference, and we receive the difference of two integrals. In each of these integrals we will make suitable replacement variable. Then after simple transformations we come to (4.3).
On the basis of (4.2) and (4.3) we will receive two expressions for dielectric permeability in non-collisional plasma
and
(4.5)
Formulas for calculation of the dielectric permeability in non-collisional plasma is called in the literature by Lindhard's dielectric functions.
Let's transform the formula (3.6) (or (3.7)) to a form convenient for researches. We will give some representations of the dielectric functions, convenient for research in various problems. Let's enter dimensionless parameter w = ω + iν kv 0 = z q . It is obvious, that
Therefore we obtain the denominator from the formula (3.10) in the following form
In the same way we will transform numerator from (3.6)
Therefore for dielectric permeability we obtain
where we have put temporarily v = ν kv 0 , w = u + iv, u = ω kv 0 .
Let's consider the denominator of the formula (4.6) and we will transform it in the following way
We will enter dispersion function which we name dispersion Fermi -Dirac function
Let's notice, that at α → −∞ dispersion Fermi -Dirac function passes in dispersion function of classical plasma
This function was introduced for the first time, apparently, by Van Kampen [32] .
To establish this limiting transition, it is enough to notice, that at α → −∞ we have
Let's notice, that Fermi -Dirac and Van Kampen dispersion functions can be written down accordingly in the form
Thus, from the formula (4.6) it is possible to present the denominator in the form
By means of this formula we will write down the formula for the longitudinal Permeability of quantum collisional plasma in the form
Here we was entered the function 8) and dimensionless plasma frequency u p = ω p kv 0 .
Let's consider the case when quantum plasma passes in classical, i.e. → 0 or q → 0 .
In this case the formula (4.7) passes in the following form
Calculating integral from (4.8) in parts, we receive, that
Hence, the formula (4.8) will be transformed to the form
The formula (4.9) in accuracy coincides with the known formula for longitudinal permeability of classical plasma of the arbitrary degeneration degree of electron gas. We will write down this formula in dimensionless parametres z = x + iy, q :
.
For comparison we will present the formula (4.11) for dielectric function: As it was required to show.
Thus, both relaxation BGK -equations and in coordinates space, and in momentum space at q → 0 lead to the same dielectric function.
VI. CONCLUSION
In the present work the correct formula for calculation of longitudinal electric conductivity and dielectric permeability in the quantum collisinal plasma under arbitrary degeneration degree of electron gas is deduced. 
